A study has been made of stars produced by 380-Mev alpha particles in llford G. 5 emulsion. The mean free path for star production is 18.4 :t 0. 9 em.
..
lasts probably less than 5:id0 second, and consists of nucleon-nucleon colh· sions vi-olent enough so that one or both colliding nucleons are projected from the nudeus, generally in the forward hemispher.e. This may be complicated by the escaping nucleons' "picking up" other nucleons in traversing the distance to the edge of the nucleus. There appears also to be the possibility of a collision between a nucleon and a group of nucleons existing as an instantaneous substructure in the nucleus.
After the initial stage of the dhintegration is over. the nucleus will often still contain energy o£ excitation sufficient for the evaporation process to take place. 'l'his consists of the alow emission of both charged and uncharged particles from the nucleus. The amount of the excitation should depend on the bombarding energy, and probably also on the bombarding particle.
Alpha-particle stars might be expected to resemble somewhat those 1 .
produced by protons of the same energy. Throughout this paper, the study ot Bernardini et al. on stars formed by protons of 350 to 400 Mev will be compared with the results reported here. Some striking differences are observed, which aJ:ise frotr1 the fact that in the cascade stage of the reaction an important proces~ occurs in the alpha-particle stars that is not found with protons. It was observed by W . .H. Barkas that often the alpha particle strips or breaks I into fragments, thus contributing another component to the -cascade. This' observation suggested that the alpha-particle stars trJerited a detailed investiga-" tion, both to study this effect a;nd to observe other aspects of the high-energy disintegration process.
The mean free path in emulsion for nuclear interactions of the alpha particle ia expected to be less than that of a proton of the same energy. The following considerations tend to this conclusion: (a) The greater size of the UCRL-3095 alpha pa.rticle and the possibility of electrostatic disintegration of the alpha particle should increase the interaction cross section above that observed for protons. (b) The Hght elements. which are partially transparent to a proton at 350 to 400 Mev, must not be appreciably so for a 380-Mev alpha particle, which consists of four nucleons, each of nominal energy 9 5 Mev. The probability of an interaction is raised both by the number of particles and by the fact that the nucleon-nucleon erose sections are larger at 95 Mev than at higher energies. In addition, the finite size of the alpha particle adds relatively more to the geometric cross section of the light elements than to heavy elements, so that stars from light elements should be foWld with greater abundance, both relative to silver bromide stars and in absolute number arr.;ong alpha stars than among proton stars. 
II. MEASUREMENT OF MEAN FREE PATH
For this study a 400-tnicron llford G. 5 plate was exposed in the external 380-Mev alpha-particle bean1. In the area scanned, the linear density of alpha-particle tracks was (2. 92:!:: 0. 036) x 10 3 per en-::.. The plates were exposed ao that the alpha particles entered the plate with a dip angle of only 1. 5°. The length of alpha .. particle track was therefore 2.9?. x 10 3 em per cm 2 . By area scanning, one can find a mean free path upon dividing this length by the number of stars found per square centimeter. A total of 1250 stars was found by area scanning with a 53x oil-immersion objective and Sx oculars.
This-number of stars was corrected for the loss of efficiency in finding one, two, and three-prong stars. Beam-particle tracks were followed in order to find stars. and it was determined from a sample of 70 stars that the area scanning was only 50 percent efficient for one-prong stars; 82 percent efficient for two-prong star,s, and 9Z percent efficient for three-prong stars. No larger stars were missed in the scanning. The over-all efficiency was 90 percent.
No examples were found in this study of interactions in which no charged particles UCRL-3095
were emitted from the collision. By close examination of events under high . magnification, a number of neutron-induced stars were eliminated as well as a number of cases in which crossing and stopping tracks merely appeared to be stars when seen under low power. The corrected mean free path was 18.4 :1: 0. 9 em.
Elastic scattering events are not included in this figure. Gardner's value of 96 em at 210 Mev is surely too high. probably in part because his insensitive emulsions did not record energetic protons. Consequently he was unable to recognize sta;rs that consisted entirely of cascade protons. The mean free path can be calculated if one assumes that the alpha-particle radius is to be added to the nuclear radius to obtain an effective geometrical cross sect~on. 
B. Analysis of Pron~s
The prongs of the stars in the area selected for intensive study were examined to determine their mode of emission. The criteria used to separate the cascade from the evaporation prongs are the result of work by Bailey, 5 who has found that when silver is bombarded with alpha particles the evapora- The frequency distribution of the number of black prongs per star as a function of the number of ca.scade prongs p.er star is shown in Fig. 3 . Figure   3A shows the prong spectrum ot stars with no identifiable cascade prongs. Part of this effect must be attributed to the stripping of the alpha partiCle.
It must also be remembered, however, that the alpha particle is moving so slowly that only protons ejected well forward in nucleon·nucleon collisions are likely to be energetic enough to be classified as cascade particles. . agreement, since it is hardly to be expected that .all the light-element stars contain short prongs. These results differ in two ways from those for proton stars. Bernardini et al. found that the stars formed in ~e gelatin were predominanUy "str1all."
IV. INTERACTIONS IN LIGHT NUCLEI
(They define a "small star" as a star with fewer than 5 black prongs.) In addition they foQ.nd that only a few of the total number of large stars occurred in light nuclei. In this study about 15 percent of the light-element stars have five orcmore black prongs, and at least two thirds of all such stars originate in the g'elatin.
The angular distribution of the prongs with energy above 2.2 Mev from light nuclei is shown in Fig. 5B . Figure SA shows the angular distribution of the black prongs from the identified light nuclei. The distribution in Fig. 5A is more isotropic than the angular distribution of black prongs from all the stars .. The ratio ofthe number of prongs emitted in the forward hemisphere to those emitted in the baekward hemisphere is 2.. 04.
One ml,l.st remember that these stars are probably not completely typical of all light-element stars. The separation criterion employed favors recognition of stars with a large number of prongs and stars with prongs emitted in the backward hemisphere. One can see that if the excitation energy imparted to the nucleus is divided among many emitted particles, the chance·of finding a low-energy prong is greatly increased. Hence stars with many prongs will more often reveal their origin from a light element. Stars with prongs emitted in the backward hemisphere will have the prong velocity in the laboratory system reduced by the center•of-mass motion of the emitting nucleus. These prongs will appear less energetic in the emulsion and facilitate recognition of their parent nucleus, while particles emitted in the forward hemisphere will appear more energetic in the laboratory system and mask their origin.
Three stars were observed in which two heavily ionizing, very short prongs, i.e., range 1 to 3 microns, emerge at 180° to each other, appearing ' to be fission products of the residual nucleus after the emission of the other prongs. These events have been classified as occurri~ in light nuclei, since the excitation energy imparted to the nucleus is not great enough to cause fission \ of ail ver or bromine.
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Blau. Oliver, and Smith 6 have .studied the stars formed by 3~0-Mev neutrons in emulsion, using laminated emulsions to study separately the st.ars formed in the light nuclei of the emulsion. For comparison, the results 6£ these authors are listed below the results of this experiment in Table I . Their value for the mean n•mher of prongs per star is 4. 4 :t: 0. 2, but it should be noted that this average is the mean prong number for ne_utron~tars of three or more prongs.
V. ONE-PRONG STARS
The one-prong stars fall into two groups. Most 6f them have as their only prong a fast singly charged particle, energetic enough to be well into the class of prongs designated by cosmic ray physicists as "grey". Such an event is shown in Fig. 6 . An attempt was made to identify these particles by multiple scattering and opacity measurements. Only three of these were found with enough track length in the emuleion to justify such measurements. · The results of the measurements were reconcilable with either protons 01• deuterons, but no definite identification could be made. In addition to this type of one-prong star, four one-prong stars wer~ seen in which the single prong was a multiply charged heavy fragment.
VI. SCATTERING
In addition to the star-production process. the alpha particles can interact with nuclei and merely scatter, either elastically or inelastically.
The inelastic scattering events that could be detected by a change of grain .
~ density in the primary constituted the one-prong stare. Deflections greater than 4° in the emulsion plane were recorded. In Table U is given the distribution of these projected deflection angles for tracks that did not show any change of grain density after scattering.
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-9-UCRL-3095 Curve A applies to all stars. Curve B to stars known to originate in light nuclei. Note the change in grain density at the star origin, which indicates that the prong is singly charged. 
